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29. A proton-conducting polymer membrane which comprises polyazoles 
containing phosphonic acid groups and is obtainable by a 
process comprising the steps: 

A) mixing one or more aromatic or heteroaromatic tetxaammo 

compounds with one or more aromatic or 
heteroaromatic carboxylic acids or derivatives thereof 
which contain at leasi two acid groups per carboxylic 
acid monomer, with at least pan of the tetraamino 
compounds or the carboxylic acids comprising at leasi 
one phosphonic acid group, or mixing of one or more 
aromatic or heteroaromatic diaminocarboxylic acids, 
of which at least pan comprises phosphonic acid 
groups, in polyphosphoric acid to form a solution or 
dispersion; 

B) optionally heating the solution or dispersion obtained 

according to step A) under inert gas to temperatures of 
up to 350°C to form polyazole polymers; 

C) applying a layer using the mixture from step A) or B) to a 

support, thus forming a membrane on the support; and 

D) partially hydrolyzing the polyphosphoric acid moieties of the 

membrane from step C) until the membrane is self- 
supporting. 



30.. The membrane of Claim 29, characterized in thai the mixture 

prepared in step A) comprises aromatic or heteroaromatic 
tetraamino compounds of the formula (a) 



(A) 
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is an aromatic or heteroaromatic group, 

is a bond or a group having from 1 to 20 carbon atoms, 

is an integer from 1 to 4 and represents the number of 

bonds or groups Y via which the group Z is 

bound to the group Ar, 
is an integer from 1 to 4 and represents the number of 

groups Z which axe bound to the group Y or, if 

Y is a bond, to the aromatic or heteroaromatic 

group Ar, and 
is a group of the general formula (I) 

~P0 3 H2 (1) 
or the general formula (2) 

1 P03M2 

P^H 2 (2) 



where R 1 is a hydrogen atom or a group having from I to 20 carbon 

The membrane of Claim 29, charactered in that the mixture 

prepared in step A) comprises aromatic or heteroaromatic 
carboxylic acids of the formula (6) 

I 

AOC Af COX (g) 

where 

Ar is an aromatic or heteroaromatic group, 

X is a halogen atom or a group of the formula OR 2 , where R 2 is a 

hydrogen atom or a group having from 1 to 20 carbon 

atoms, 
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Y is a bond or a group having from 1 to 20 carbon atoms, 

p is an integer from 1 to 4 and represents the number of bonds or 

groups Y via which the group Z is bound to ihe group 

Ar, 

5 r is an integer from 1 to 4 and represents the number of groups 

2 which are bound to ihe group Y or, if Y is a bond, to 
the aromatic or heteroaromatic group Ar, and 
Z is a group of the general formula (1) 

-PO3H2 (1) 
10 or the general formula (2) 

I 

— C PO s n 2 

POaha (2) 



where R l is a hydrogen atom or a group having from \ xo 20 carbon 



atoms. 



32. The membrane of Claim 29, characterized in that the mixture 
15 prepared in step A) comprises aromatic or heteroaromatic 

tetraamino compounds of the formula (C) 

! 

NH2 (C) 

where 

At is an aromatic or heteroaromatic group, 
20 Y is a bond or a group having from 1 to 20 carbon atoms, 

p is an integer from 1 to 4 and represents the number of 

bonds or groups Y via which the group Z is 

bound to the group At, 
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r is an inxeger from 1 io 4 and represents the number of 
groups 2 which are bound to the group Y or, if 
Y is a bond, to the aromatic or heteroaromatic 
group Ar, and 

5 Z* is a group of the general formula (3) 

-SO^H . (3) 
or ihe general formula (4) 



R 1 



-c — SO^H 

I 

8CH« (4) 



where R l is a hydrogen atom or a group having from 1 to 20 carbon 



io atoms. 



33, The membrane of Claim 29 3 characterized in that ihe mixture 

prepared in step A) comprises aromatic or heteroaromatic 
carboxyhc acids of the formula (D) 

I 

KQC' Ar COX 

i5 where 

Ar is an aromatic or heteroaromatic group which optionally bears 

further substituents, 
X is a halogen atom or a group of the formula OR 2 7 where R 2 is a 
hydrogen atom or a group having from 1 to 20 carbon 
20 atoms, 

Y is a bond or a group having from 1 io 20 carbon atoms, 
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p is an integer from I to 4 and represents The number of bonds or 
groups Y via which the group Z is bound to the group 
At, 

r is an integer from 1 to 4 and represents the number of groups 
5 Z which are bound to the group Y or, if Y is a bond, to 

the aromatic or heteroaroraatic group Ar> and 
Z r is a group of the general formula (3) 

^S0 3 H (3) 
or the general formula (4) 

i 

C SO,H 

10 so >« (4) 

where R 1 is a hydrogen atom or a group having from 1 to 20 carbon 

atoms. 

34. The membrane of Claim 29, characterized in that the mixture 

prepared in step A) comprises aromatic or hexeroaromatic 
15 tetraamino compounds which contain no phosphonic acid 

groups and aromatic or heteroaromatic carboxylic acids which 
contain at least one phosphonic acid group, 

3 5 . The membrane of Claim 29, characterized in that the mixture 

prepared in step A) comprises 3,3\4 9 4'~tetraaminobiphenyl, 
20 . 2,3,5,6-tetraaminopyridine, or 1,2,4,5-tetraaminobenzene. 

36. The membrane of Claim 29, characterized in thai the mixture 

prepared in step A) comprises isophthalic acid, terephthalic 
acid, phihalic acid, 5-hydroxyisophthalic acid, 4- 
hydroxyisophthalic acid, 2-hydroxyxerephthaIic acid, 5- 
25 aminoisophihalic acid, 5-N,N-dimethylaminoisophihaUc acid, 
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5-N,N-diethylaminoisophthalic acid, 2,5- 
dihydroxyierephthalic acid, 2,5~dihydroxyisophthalic aid, 2,3- 
dihydroxyisophihalic acid, 2,3-dihydroxyphihalic acid, 2,4- 
dihydroxyphxhalic acid, 3,4-dihydroxyphihalic acid, 3- 

5 fluorophthalic acid, 5-fluoroisophthaJic acid, 2- 

fluoroierephihalic acid, xetrafluorophthaUc acid, 
letrafluoroisophxhalic acid, tetrafluoroierephthaiic acid, 1,4- 
oaphthalenedicarboxyjic acid, 1,5-naphthalenedicarboxylic 
acid, 2,6-naphihalenedicarboxyhc acid, 2/7- 

10 uapbtbaienedicarboxyhc acid, diphenic acid, 1 ,8- 

dihydroxynaphthaiene-3,6^dicarboxyhc acid, bis(4- 
carboxyphenyl) ether, benzophenone-4 ? 4'-dicarboxylic acid, 
bis(4-dicarboxyphenyl) suifoae, biphenyl-4 a 4-dicarboxyhc 
acid, 4-trifluoromethylphthalic acid, 2,2-bis(4- 

1 5 carboxyphenyl)hexafluoropropane, 4,4'-srilbenedicarboxylic 

acid, 4-carboxycinnamic acid, or their Cl-C20-alkyl esters or 
C5-Cl2-aryl esters, or their acid anhydrides or acid chlorides. 

37. The membrane of Claim 29, characterized in thai the mixture 

prepared m step A) comprises 2 T 3-diamino-5- 
20 carboxyphenylphosphonic acid, 2,3-diamino-6- 

carboxyphenylphosphonic acid, and 3 ? 4-diamino-6- 
carboxyphenylphosphonic acid. 

38. The membrane of Claim 29, characterized in that the mixture 

prepared in step A) comprises 2,3-diamino-5- 
25 carboxyphenylsulfonic acid, 2,3-diamino-6- 

carboxyphenylsulfonic acid, and 3,4-djamino-6- 
carboxyphenylsulfonic acid. 
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39. The membrane of Claim 29, characterized in that the mixture 

prepared in step A) comprises aromatic tricarboxylic acids, 
their Cl-C20-alkyl esiers or C5-C12-aryl esters or their acid 
anhydrides or their acid halides or tetracarboxylic acids, their 
5 CI -C20-aJJcyl esters or C5-C1 2-ary] esters or their acid 

anhydrides or their acid halides. 

40. The membrane of Claim 39, characterized in that the mixture 

prepared in step A) comprises: l,3,5-ben£eneiricarboxylic acid 
(trimesic acid), 2 r 4,5-ben2enetricarboxyiic acid (Tnmellitic 

jo acid), t2-carboxyphenyl)iminodiaceiic acid, 3,5,3'- 

biphehyltricarboxylic acid, 3,5,4-biphenylmcarboxylic acid, 
2,4,6-pyridinetricarboxylic acid, benzene- 1 ,2,4,5- 
xetracarboxylic acid, naphthalene- 1 ,4, 5,8-tetracarboxyiic acid, 
3,5,3 \5'-biphenyltetracarboxy lie acid, 

1 5 benzophenoneteiracarboxylic acid, 3 ,3 ',4,4'- 

biphenyhetracarboxylic acid, 2,2',3,3'-biphenyltetracarboxyiic 
acid, or 1,2,5,6-naphthalenetetracarboxyllic acid. 

* 

41 . The membrane of Claim 39, characterized in thai the content of 

tricarboxylic acid or tetracarboxylic acids is in the range of 
20 from 0 to 30 mol% based on dicarboxylic acid used. 

42. The membrane of Claim 41 , characterized in that the content of 

tricarboxylic acid or tetracarboxylic acids is in the range of 
from 0.1 to 20 mol% based on dicarboxylic acid used 

43. The membrane of Claim 42, characterized in that the content of 

25 tricarboxylic acid or tetracarboxylic acids is in the range of 

from 0.5 to 10 mol% based on dicarboxylic acid used. 
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44, The membrane of Claim 29, characterized in that the mixture 

prepared in step A) comprises beteroaromatic dicarboxylk 
acids, tricarboxylic acids or tetracarboxylic acids which 
contain at least one nitrogen, oxygen, sulfur, or phosphorus 
5 atom in the aromaties. 

45. The membrane of Claim 44, characterized in that pyridine-2,5- 

dicarboxyhc acid, pyridine-3,5-dicarboxylic acid, pyridine- 
2,6-dicarboxylic acid, pyridine-2,4-dicarboxylic acid, 4- 
phenyl-2,5-pyridinedicarboxylic acid, 3,5- 
10 pyrazoledicarboxylic acid, 2,6-pyrinudinfcdicarboxylic aci4, 

2,5-pyrazinedicarboxylic acid, 2,4,6-pyridinetricarboxylic 
acid, ben2imidazole-5,6-dicarboxylic acid or their C1-C2G- 
alkyl esters or C5-Cl2-aryl esters or their acid anhydrides or 
their acid chlorides are used. 

1 5 46. The membrane as claimed in claim 29, characterized in that the 

mixture prepared m step A) comprises diaminobenaoic acid or 
its monohydrochloride and dihydrochloride salts. 

47. The membrane of Claim 29, characterized in that the heating 

according to step B) is carried our after the formation of a 
20 sheet-like structure according to step C). 

48. The membrane as claimed in claim 29, characterized in that the 

solution produced in step A) or step B) further comprises 
dispersed or suspended polymer. 

49. The membrane of Claim 29, characterized in that the treatment 

25 according to step D) is carried out at temperatures in the range 

of from 0°C to 150°C in the presence of moisture. 
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50. The membrane of Claim 29, characterized in thai the treatment of the 

membrane in step D) is carried out from 10 seconds to 30U 
hours 

5 1 . The membrane of Claim 29, characterized in that the membrane 
5 formed after step D) is crosslinked by action of oxygen. 

52. The membrane of Claim 29, characterized in that a layer having a 

thickness of from 20 to 4000 is produced in step C). 

53. The membrane of Claim 29, characterized in that the membrane 

formed after step D) has a thickness of from 15 to 3000 nm. 

10 54. An electrode having a proton-conducting polymer coating which is 

based on polyazoles and is obtainable by a process comprising 
the steps; 

A) mixing one or more aromatic or heteroaromatic tetraamino 

compounds with one or more aromatic or 
15 heteroaromatic carboxylic acids or derivatives thereof 

which contain at least two acid groups per carboxylic 
acid monomer, with at least pan of the tetraamino 
compounds or the carboxylic acids comprising at least 
one phosphonic acid group, or mixing of one or more 
20 aromatic or heteroaromatic diaminocarboxylic acids, 

of which at least part comprises phosphonic acid 
groups, in polyphosphoric acid to form a solution or 
dispersion;? 

B) optionally heating the solution or dispersion obtained 

25 according to step Aj under inert gas to temperatures of 

up to 350°C to form the polya2ole polymery 
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C) applying a layer using The mixture from step A) or B) to an 

electrode, thus forming a membrane on the electrode,? 
and 

0) partially hydrolyzing the polyphosphoric acid moieties of the 
5 electrode membrane formed in step C) until the 

membrane & has a surface hardness. 

55. The electrode of Claim 54. wherein the coating has a thickness of 

from 2 to 3000 ^m. 

56. A membrane-electrode unit comprising at least one electrode and at 
10 least one membrane as claimed m Claim 29. 

57. A membrane-electrode unit comprising at least one electrode havmg a 

proton-conducting polymer coating which is based on 
polya2oles and is prepared by the following steps- 
A} mixing one or more aromatic or heteroaromatic texraamino 
15 compounds with one or more aromatic or 

heteroaromatic carboxylic acids or derivatives 
thereof which contain at least two acid groups 
per carboxylic acid monomer, with at least part 
of the tetraamino compounds or the carboxylic 
20 acids comprising at least one phosphonic acid 

group, or mixing of one or more aromatic or 
heteroaromatic diaminocarboxylic acids, of 
which at least pan comprises phosphonic acid 
groups, in polyphosphoric acid to form a 
25 solution or dispersion; 

B) optionally heating the solution or dispersion obtained 
according to step A) under inert gas to 
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temperatures of up to 350°C to form the 
polyazote polymer, 

C) applying a layer using the mixture from step A) or B) to an 

electrode, thus forming a membrane on the 
5 electrode; and 

D) partially bydrolyzmg the polyphosphoric acid moieties of the 

electrode membrane formed in step C) until the 
membrane it has a surface hardness, and 
partially hydroly2ing the polyphosphonc acid 
10 moieties of at least one membrane as claimed 

in Claim 29. 

58. A fuel cell comprising one or more membrane-electrode units as 
claimed in Claim 57. 



PAGE 133/134 * RCVD AT 4/17^2007 8:10:38 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/5 ^ DNIS:2738300 * CSIDM978 341 0136 * DURATION (mm-ss):3748 



